Introduction
The sense of self and body ownership is essential for the performance of complex movements and is driven by the integration of visual, tactile and proprioceptive inputs in cortical and sub cortical areas responsible for multisensory processing [1] [2] [3] [4] . Embodiment refers to the subjective experience of having a sense of one's own body [5] and can be studied using techniques that elicit perceptual embodiment of inanimate objects. The 'rubber hand illusion' is a technique where a rubber hand is embodied so that the individual experiences a sense that the rubber hand is part of their own body [6] . Perceptual embodiment of a rubber hand is achieved by participants observing the rubber hand being brushed (in view) whilst their real hand is synchronously brushed out of view. After a short time the brush sensation feels as if it is arising from the rubber hand and the rubber hand feels as if it is part of the body (i.e. perceptually embodied) [7, 8] . It is possible to perceptually embody a rubber hand using painful-tactile stimuli (e.g. a sharp pin) in much the same way as using non-painful-tactile stimuli (e.g. a brush) [9] .
The sense of self and body ownership may have a role in protection from injury. Lloyd et al. [10] provided evidence that regions of the contralateral posterior parietal cortex were involved in discrimination of painful and non-painful stimulation of a perceptually embodied rubber hand in the peripersonal hand space. Activity in the superior and inferior regions of the parietal cortex increased when individuals observed a sharp painful stimulus applied to a rubber hand that had been placed over their real hand, but only when the rubber hand was spatially congruent to the real hand. Threatening a perceptually embodied rubber hand with injury has been shown to evoke feelings that are similar to those experienced when threatening real limbs. Ehrsson et al. [11] found that threatening perceptually embodied objects generated levels of anxiety similar to that experienced when a real hand was threatened. The desire to withdraw the rubber hand from the threat was stronger when the intensity of perceptual embodiment was high. Armel et al. [12] found that strong skin conductance responses, which reflect levels of physiological arousal, occurred when a perceptually embodied rubber hand was threatened by an apparently injurious stimulus such as forceful bending of a finger of the rubber hand. Likewise, Hagni et al. [13] reported elevated skin conductance in participants playing a first-person perspective virtual reality game that involved two virtual arms interacting with virtual balls rolling towards the viewer. When the right virtual arm was apparently stabbed by a knife causing 'bleeding' larger increases in skin conductance were observed when participants imagined virtual arms to be their own compared with not imagining virtual arms to be their own. However, studies investigating the effect of threatening a perceptually embodied rubber hand are few and do not control for general arousal that may arise from non-threatening stimuli entering the peripersonal space.
Moreover, there has been little research on sensations evoked by stimuli that threaten a perceptually embodied rubber hand. Lewis and Lloyd [14] found that they were able to produce phantom-like experiences in non-amputees by inducing a sense of embodiment in a rubber hand that had a finger removed. Twenty eight out of 30 participants reported experiencing a sense of presence of the absent finger and seven out of 28 of these participants reported tingling or numbness in the missing phantom finger. Guterstam et al. demonstrated that sensations could be referred to an empty space creating a sense of having an invisible hand [15] and creating a sense of two right (or left) hands [16] . Neither of these studies systematically document stimuli-evoked sensations misattributed to a perceptually embodied rubber hand. The aim of this study was to investigate skin conductance response, self-reported anxiety and the incidence, type and location of sensations when a perceptually embodied rubber hand was exposed to threatening and non-threatening stimuli. The study was designed to evaluate whether arousal associated with approaching a perceptually embodied rubber hand was selective for threatening objects. We hypothesised that there would be a larger increase in arousal when threatening stimuli entered the peripersonal space compared with non-threatening stimuli.
Methods
A repeated measure cross-over study was designed with each participant taking part in one experiment where they perceptually embodied a rubber hand which was exposed to a threatening (syringe needle) and non-threatening (soft brush) stimulus. The order of presentation of stimuli was randomised between experiments by a technician independent to the study using a computerised random number generator and sealed envelope method. Twelve participants received the threatening stimulus first. The study was approved by the Research Ethics Sub-Committee of Leeds Beckett University.
Participants, recruitment and selection
A convenience sample of unpaid healthy human volunteers (mean ± SD age = 21.0 ± 1.41 years, 14 females) was recruited by announcements in lectures throughout the university. This was a preliminary investigation and the sample size used was based on sample sizes used in similar studies [13, 17] .
All participants were students of undergraduate or postgraduate university courses. Interested individuals were briefed about the nature of the study and provided with a participant information pack that stated that the purpose of the study was to investigate whether it was possible to create the sense that a rubber hand could feel like it was part of the body and to take some physiological measurements during the process. Participants were also told that the rubber hand would be exposed to different stimuli. Volunteers were given 48 h before being formally invited to take part in the study. During the study visit volunteers were screened for eligibility (≥18 years with no existing medical condition). Volunteers were excluded if they: had an ongoing medical condition (e.g. diabetes, osteoarthritis) or previous history of heart and circulatory disorders (e.g. vasculitis, thrombosis); were currently seeking medical care; were taking any medication or were likely to take any medication during the week preceding the study visit; were pregnant; were currently experiencing pain; had an upper limb injury within the previous six months; experienced disturbances in skin sensations of the forearm; regularly exposed their hands to extremes of cold. Participants were asked to refrain from engaging in vigorous exercise, consuming alcohol or caffeine products, or smoking (e.g. tobacco) 12 h before the study visit. Participants signed written consent before the experiment and were reminded that they could withdraw at any time without any reason.
Procedure
Each experiment was conducted in a physiology laboratory by two female investigators of White British ethnic origin (ES and SY). Participants were seated throughout the experiment with both arms resting on a table with the left hand placed on a pillow. Sensors were attached to the middle and index finger of the left hand of the participant to monitor skin conductance response. The right hand of the participant was placed within a canvas box so that it was out of view and a rubber hand aligned parallel to the canvas box so that it looked like it could be part of the participants body (i.e. visually congruent to the real hand, Fig. 1 ). The same rubber hand was used for each participant with no attempt to match the physical appearance of the hand to that of the real hand. The skin tone of the rubber hand was white, fair (skin type II -Fitzpatrick skin tone classification scale [18] ), and was similar to the skin colour of all participants.
A 5 min pre-experiment silent period was used to relax and acclimatise the participant and to stabilise skin conductance after which the experimental timing began (Fig. 2) . A 2 min baseline measurement was taken to ensure stabilisation of skin conductance whilst the participant stared at a point on the table with the rubber hand out of view. Real time skin conductance recording continued for the remainder of the experiment and data captured at various time points (described later). After the baseline recording participants were asked to stare at the rubber hand and the investigator simultaneously stroked the rubber hand (in view) and the right hand (out of view) with a soft brush (SENSELab brush-05, SOMEDIC, Hörby, Sweden) for 4 min. Stroking of the hands was synchronous using brush strokes down the fingers and thumb, and occasional tapping of the knuckles. Participants were instructed to state 'Now' if they experienced a subjective tactile sensation of stroking that seemed to arise from the rubber hand. They were told to remain silent if they did not experience a subjective tactile sensation of stroking arising from the rubber hand. After 4 min of stroking participants verbally rated the intensity of their subjective experience of aspects of perceptual embodiment on a 11 point numerical scale (1 = 'Not at all strongly' and 10 = 'The strongest imaginable') to the following 4 questions based on questions from Mussap and Salton [19] :
Q1. How strongly does it feel like the sensation of stroking is coming from the rubber hand?
Q2. How strongly does it feel like the rubber hand is yours? Q3. How strongly does it feel that the rubber hand is part of your body?
Q4. How strongly does it feel that you could move the rubber hand?
After the last question the investigator approached the rubber hand with either the threatening stimuli (needle attached to an empty syringe) or the non-threatening stimuli (soft brush). The order of presentation of stimuli was randomised to control for carry-over effects between the conditions. Threatening stimuli were delivered as 15 rapid lunges of the needle towards the rubber hand without touching the rubber hand itself (approximately 1 lunge per second, [11] ). Then the needle was slowly inserted into posterior surface of the rubber hand as if to take a blood sample (∼5 s) and held in position for a further 10 s before being removed. Non-threatening stimuli were delivered as 15 rapid lunges of a soft brush (SENSELab brush-05, SOMEDIC, Hörby Sweden) towards the rubber hand without touching the rubber hand itself (approximately 1 lunge per second). Then the end of the brush hairs were pushed against the posterior surface of the rubber hand (∼5 s) and stroked up and down the middle finger for 10 seconds (7 strokes). Immediately after presentation of stimuli, participants rated the intensity of their subjective experience of aspects of perceptual embodiment using the 4 questions described previously. In addition, participants were asked the following questions designed by the investigators:
Q5. How anxious were you when I initially approached the rubber hand with the stimulus? (1 = 'not at all anxious' and 10 = 'the most anxious imaginable') Q6. Did you feel any sensation in the rubber hand during the stimulus? ('Yes'/'No') If 'yes', how strong were these sensations? (1 = 'no sensation' and 10 = 'the strongest sensation imaginable').
Q7 There was a 15 min rest period where participants were disconnected from skin conductance recording equipment and allowed to sit quietly. The second stage of the experiment commenced after this rest period and consisted of a repeat of the procedure used in stage 1 except that the other stimulus was applied. At the end of the experiment the participant was given an opportunity to express their thoughts about any aspect of the experiment.
Skin conductance response
Skin conductance was used as an indicator of physiological arousal and recorded in real time throughout stage 1 and stage 2 of the experiment. Skin conductance was measured at index and middle fingers using finger electrodes and a skin conductance response amplifier (low voltage, 75 Hz AC excitation, 1000 Hz sample rate, automatic zeroing) connected to a PowerLab data acquisition device (ADInstruments Ltd, Oxford, U.K. [20, 21] ). It is common for changes in skin conductance response to occur within 2-5 s of stimulus onset [22] so it was decided to use a 10 second interval as the region of interest. Data was captured for 10 seconds for each experimental event as follows: at the end of baseline; at the start of stroking (stroking); "Now" (perceptual embodiment); stimulus approaching the rubber hand (approach); and stimulus touching the rubber hand (touch). Mean skin conductance response was calculated for each 10 second region of interest and used as an index of skin conductance response.
Data analysis
Baseline measures of time to subjective report of perceptual embodiment were checked for parity using a paired t-test for continuous data between brush and needle stimuli. Scores for questions using the numerical rating scales were reported as mean ± standard deviation (SD). A repeated measures ANOVA was used to determine the effect of Stimulus (two levels: pre-stimulus; post-stimulus) and Condition (two levels: brush and needle) for questions two, three and four. Skin conductance data was analysed using a repeated measures ANOVA to determine the effect of experimental Event (five levels: baseline, stroking; perceptual embodiment; approach; touch) and Condition (two levels: brush and needle). If Mauchly's test of Sphericity was not assumed then a Greenhouse-Geisser correction was used for the data set. Alpha was set at 0.05 and adjustment made for multiple comparisons using the Bonferroni correction.
Results
Twenty participants expressed interest in the study and all started and completed the experimental session (mean ± SD age = 21.0 ± 1.41 years, 14 females). During stage one of the experiment one participant did not state 'Now' to indicate they had experienced a subjective tactile sensation of stroking arising from the rubber hand within 4 min of brush stroking. This participant rated the intensity of sensation of stroking as coming from the rubber hand as 2 out of 10 (Q1) but the intensity of their subjective experience of perceptual embodiment as strong (Q2 = 8/10; Q3 = 7/10; Q4 = 9/10). In stage 2 of the experiment this participant stated 'Now' within 74 seconds. All other participants stated 'Now' for stage 1 and stage 2 of the experiment. There was no statistical significant difference between mean ± SD time for participants to report that they were experiencing a subjective tactile sensation of stroking arising from the rubber hand before the stimulus (pair- (F(1,19) = 0.859, p = 0.366) or Stimulus × Condition interaction (F(1,19) = 0.178, p = 0.677). Thus, approaching the perceptually embodied rubber hand with either stimulus produced a reduction in subjective reports of aspects of perceptual embodiment but there were no differences in the magnitude of change between needle and brush (Table 1, Fig. 3) . Participants recorded higher scores to Q5 'How anxious were you when I initially approached the rubber hand with the stimulus?' when the rubber hand was approached by the needle compared with the brush (pairwise difference brush -needle mean ± SD = −3.55 ± 2.66, t(19) = −5.957, p < 0.001, paired t-test, Table 1 ).
Ten of the 20 participants (50%) reported experiencing a sensation arising from the rubber hand when the rubber hand was approached and touched by a stimulus. Six out of ten of these participants reported experiencing a sensation arising from the rubber hand by both the needle brush and the brush; 2/10 participants reported experiencing a sensation arising from the rubber hand only by the brush; and two participants reported experiencing a sensation arising from the rubber hand only by the needle. The majority of sensations were experienced arising from the back of the rubber hand at the site of stimuli (Fig. 4) . Scores to Q7 'How strongly did these sensations associated with the stimulus feel like they were coming from the rubber hand?' were higher when the rubber hand was approached and touched by the needle than by the brush, although this analysis was based on data from only 6 participants (p = 0.041, Table 1 ). Seven of the eight participants that reported a sensation when approached by the brush described the sensation as "tingling" and one participant reported "numbness with pins and needles". Five of the eight participants that experienced a sensation when approached by the needle reported "tingling", one reported "numbness", one "pressure" and one a "rubber sensation".
Skin conductance response
Repeated measures ANOVA identified statistically significant effects for experimental Event (F(1.4,26.5) = 27.609, p < 0.001). Pairwise comparisons identified statistically significant increases in skin conductance response for each experimental event compared 
Table 1
Summary data for perceptual embodiment questions (mean ± SD, n = 20). Responses to each question was rated on an 11 item numerical scale where 1 = 'Not at all strongly' and 10 = 'Strongest imaginable'. with other experimental events, except for Baseline compared with 'Now' ( Table 2 ). There were no statistically significant effects for Condition (F(1,19) = 0.002, p = 0.964) or experimental Event × Condition interaction (F(1.6,30.9) = 1.992, p = 0.160). There were no significant differences between needle and brush conditions at any experimental event point (Fig. 5 ).
Discussion
This study was designed to evaluate whether arousal associated with approaching a perceptually embodied rubber hand was selective for threatening objects. It was found that approaching and touching a perceptually embodied rubber hand with needle or brush stimuli reduced the subjective experience of perceptual embodiment but there were no differences in the magnitude of response between the stimuli. Participants reported being more anxious when the perceptually embodied hand was approached by the needle but there were no differences in skin conductance response between needle and brush. This suggests that the increase in arousal in response to stimuli entering the peripersonal space was not selective for threat. Half of the participants reported that they experienced a sensation arising from the rubber hand when the rubber hand was approached and touched by a stimulus and there was tentative evidence that more intense sensations were experienced when approached by the needle compared with the brush.
Skin conductance response reflects autonomic nervous system arousal that is not voluntarily controlled and was used to control for the possibility that participants were responding to task demands to please the investigators. Skin conductance response increased in the phases leading up to perceptual embodiment, consistent with other investigations and reflecting general physiological arousal [12, 23, 24] . The phases leading up to perceptual embodiment have also been associated with various physiological correlates including proprioceptive drift [25] , local skin cooling [26, 27] , local histamine Table 2 Mean differences (95% confidence intervals, n = 20) for skin conductance response (microsiemens) across experimental Events. reactivity [28] and alterations of neural activity in the brain [29] , although confounding variables reduce the reliability of these correlates as indicators of the subjective experience of the sense of self and body ownership [30, 31] .
The skin conductance response associated with stimuli threatening the perceptually embodied rubber hand is likely to reflect increased general physiological arousal associated with increased anxiety. Armel et al. [12] found that skin conductance response increased when the real finger (out of view) was lifted into a nonpainful position and the fake finger of the rubber hand (in view) was bent into a position that would likely cause pain. Ehrsson et al. [11] reported increased levels of anxiety when participants observed a needle approaching a perceptually embodied rubber hand and this was associated with activity in the insula and anterior cingulate cortex involved with anticipation and experience of pain. They also reported increased activity in medial motor areas including the supplementary motor area and pre-supplementary motor area associated with anticipatory responses such as the sense of agency and the urge to withdraw the perceptually embodied rubber hand. Hagni et al. [13] found that skin conductance responses but not heart rate increased when participants observing virtual arms imagined to be their own were presented with an unexpected threat (i.e. a knife stabbing the virtual arm). They suggested that the low realism and short duration of the virtual reality task may have contributed to the lack of measurable effect on heart rate. Ma and Hommel [17] investigated whether perceptual embodiment and skin conductance (affective resonance) were affected by a ball hitting (non-injurious impact) or a knife cutting a virtual hand. They found that embodiment and affective response to ball hitting or knife cutting could be dissociated reflecting different underlying mechanisms. They suggested that affective reactions to stimuli that are perceived to threaten a body part are generated by bottomup processes irrespective of body ownership whereas stimuli that are perceived to be non-threatening are generated by top-down processes.
Our study extends these previous findings by including a nonthreatening stimulus to determine whether this response was due to an aversive response specifically related to the threatening stimulus. There were no differences in skin conductance response between non-threatening and threatening stimuli, despite higher levels of reported anxiety when the perceptual embodied hand was approached by the needle (threat). This suggests that there is an increase in general arousal in response to a stimulus entering the peripersonal space rather than a specific aversive response [32] . Possible confounds were the small sample size and the small number of trials for each condition with only one trial per condition for each participant (20 repeats per condition).
Interestingly, 50% (n = 10) of participants reported a sensation arising from the perceptually embodied rubber hand evoked by the needle and/or brush approaching the rubber hand with 80% (n = 8) of these participants reporting sensations within each subcategory of stimuli. It is tempting to infer from these findings that some individuals are susceptible to experience stimulus-evoked sensations in the perceptually embodied rubber hand irrespective of the type of stimuli presented. However, follow-up studies with larger sample sizes and control questions are needed to ensure that participants were not responding randomly to please the investigator. Armel et al. [12] found that only two out of 120 participants (1.6%) experienced pain when they observed a finger of a perceptually embodied rubber hand bent backwards into a potentially painful position whilst their real finger (out of view) was also bent back into a non-painful position. Some participants reported that the embodied rubber hand felt anaesthetised, a phenomenon also observed in our study. Lewis and Lloyd [14] removed a finger from a rubber hand and simultaneously stroked the space previously occupied by the rubber finger and the real finger (out of view) in a synchronous fashion. They found that 28 out of 30 non-amputees experienced a sense that a real finger was present in the space previously occupied by the rubber finger. Sixteen of these 28 participants (57%) reported phantom sensations including alteration in the perceived size of the finger (14/28, 50%) and/or tingling or numbness (7/28, 25%). The proportion of participants that reported a sense of a phantom finger was similar to the proportion of participants that reported experiencing a stimulus evoked sensation from the perceptually embodied rubber hand in our study although the incidence of tingling and numbness was slightly lower and the context under which these sensations were generated was different.
In our study participants reported 'tingling' and 'numbness' arising from the perceptually embodied rubber hand evoked by both needle and brush stimuli and there were no differences in the nature of sensations between the stimuli. Sensations were not elicited on each presentation of the stimuli and there was an approximation of localisation of sensations to the posterior region of the rubber hand. This lack of precision in the location, timing, and nature of these sensations may be due to the absence of peripheral input from somatosensory receptors (e.g. mechanoreceptors and nociceptors). The process of perceptual embodiment of a rubber hand involves integration of somatotopic and visual frames of reference, i.e. somatosensory input from the skin of the real hand (out of view) and visual input from the eyes watching the rubber hand being stroked. The cerebrum appears to attribute stronger reliance on the visual frame of reference to generate a final perceptual experience that involves distortion of position sense (proprioceptive drift) of the real hand which is relocated to the space occupied by the rubber hand [33] [9, 34] .
Recently, research has focussed on the contribution of perceptual embodiment and visual expectation to pain perception. Studies have found that perceived body ownership may increase pain threshold and decrease pain intensity to experimentally induced pain [34, 35] , although Mohan et al. [33] found that pain threshold was not affected during the rubber hand illusion (in view) when the real hand (out of view) received noxious thermal stimuli. Chang et al. [36] found that the sympathetic response to acupuncture needle stimulation was influenced by visual expectation rather than by modifications of body ownership producing greater sympathetic responses measured by skin conductance. Suggested mechanisms for visually induced analgesia include disruption of nociceptive processing caused through conflict in the reference frames needed by the brain to localise somatosensory input, and also by a decrease in homeostatic control as the hand is disowned [37, 38] .
Shortcomings in our study need to be recognised. Our outcome measures relied on the subjective report of perceptual embodiment gleaned from responses to questions that implied that participants should feel 'something arising' from the rubber hand. The absence of a condition that exposed a non-embodied rubber hand to stimuli meant that it was not possible to isolate with certainty that outcomes were affected by observing the actions of stimuli on a rubber hand per se. We plan to include a non-embodied rubber hand as a control in follow-up studies. Moreover, the inclusion of synchronous and asynchronous stroking patterns on real and rubber hands coupled with questions that capture subjective experience when the illusion is not expected to arise could be used to control for expectancy associated with the illusion. We included mean skin conductance response as an objective correlate of the presence of embodiment, although follow-up studies could also include other correlates such as proprioceptive drift to improve confidence in self-reports [39] . Skin conductance measurements of peak to peak or incremental slopes, rather than mean skin conductance response may be more reliable when measuring arousal responses in short time windows. Concern associated with asking questions related to perceptual embodiment of the rubber hand before delivery of stimuli may have interfered with the embodiment experience was not borne out by inspection of raw and summary data for questions 1-3 over the course of the experiment. There were minor differences in the salience of stimuli with the needle inserted into the back of the rubber hand and the brush slowly stroked across the rubber hand rather than pressed against the back of the rubber hand. Participants would have observed differences in the type and amount of movements of the stimuli and this could cause attentional differences and confound the comparison. Moreover, we did not measure baseline anxiety (using for example the State-Trait Anxiety Inventory) so it was not possible to determine relationships between baseline anxiety and stimulus-evoked anxiety.
Two participants made slight withdrawal movements of their real hand when the needle contacted the rubber hand. One other participant closed their eyes at this point. This would have disrupted agency and visual input confounding embodiment measures. These three participants were included in the statistical analysis of 10 participants that experienced stimulus evoked sensations. Excluding these participants from the analysis of Q7 'How strongly did these sensations associated with the stimulus feel like they were coming from the rubber hand?' would have meant that there would not have been a sufficiently sized sample to perform the statistical analysis. Larger sample sizes and multiple repetitions of stimuli may overcome this problem in follow-up studies. Consideration also needs to be given to how to reduce movement artefact.
In conclusion, our preliminary findings suggest that the increase in arousal in response to stimuli entering the peripersonal space may not be selective for threat. Half of the participants reported that they experienced a sensation arising from a perceptually embodied rubber hand when the rubber hand was approached and touched by a stimulus. There was tentative evidence that more intense sensations were experienced when approached by the needle compared with the brush. The confounders mean that our findings should be used to provide initial insights of phenomena and serve as a catalyst for further research.
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